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1. Introduction 

 

Work continues on the development of a pixel-scale retrieval scheme for cloud properties and 

the determination of the aerosol direct radiative forcing for INDOEX.  Here, advances in the 

retrieval scheme since the last meeting and comparisons between cloud properties using this 

scheme and those retrieved using the CERES operational scheme are reported.  In addition, the 2-

channel aerosol retrieval scheme developed for INDOEX is applied to the VIRS radiances for the 

CERES 100% clear fields of view in the SSF data.  SW radiances derived using the retrieved 

aerosol properties are compared with those observed by the CERES scanner.   

 

2. Retrieval of Cloud Properties 

 

Since the previous meeting, the retrieval scheme for obtaining cloud properties from VIRS 

radiances has been updated to derive a cloud altitude that is consistent with the temperature 

profile and the retrieved emission temperature.  Sensitivity studies were performed to determine 

the effects of different temperature profiles, tropical and midlatitude summer climatological 
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profiles, on the retrieved properties.  The retrieved properties were compared with those derived 

by the CERES operational scheme.  In addition, a scheme for treating pixels that are only partially 

cloud covered was developed, but is still undergoing tests. 

 

For overcast pixels, the retrieval of droplet radius, 0.63- m optical depth, cloud emission 

temperature, and cloud altitude for single-layer water clouds follows that of Han et al. (1994).  

The scheme is depicted in Figure 1.  Figures 2 and 3 show examples of retrieved cloud properties 

for two scenes.  Retrievals are performed only in regions with sufficient cloud-free pixels so that 

reliable estimates can be made of the surface temperature.  Cloud-free pixels contaminated by sun 

glint are likewise avoided. 

 

Twenty scenes (261 pixels  512 lines) were selected for comparison with the CERES 

operational retrieval scheme.  The scenes were also used to determine the sensitivity of the 

retrieved products to various profiles of temperature, humidity, and cloud altitude.  Figure 4 

shows cloud properties retrieved using midlatitude summer and tropical profiles of temperature 

and humidity.  Each point represents the average of the overcast pixels for a 26  32 pixel 

segment of a scene.  As noted below, the droplet sizes retrieved using the CERES operational 

scheme were systematically larger than those retrieved using the current scheme.  To test the 

effects of moisture above the clouds, retrieved properties obtained with the clouds at an altitude 

of 1 km in a tropical atmosphere were compared with those of clouds at 5 km in a midlatitude 

summer atmosphere.  With the heavier vapor burden above the clouds, the retrieved droplet sizes 

were reduced by about 2 m. 
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Cloud properties retrieved for overcast pixels using the current scheme were compared with 

those derived by the CERES operational scheme for all twenty scenes.  Figures 6, 7, and 8 are 

images (courtesy of Sunny Sun-Mack) showing both sets of retrieval products and the magnitude 

of the differences for one of the scenes.  For the twenty scenes, differences in cloud effective 

radius were consistently higher in the CERES operational product.  The other cloud properties 

appeared to be in reasonable agreement.  

 

Routines for retrieving the droplet radius, 0.63- m optical depth, and fractional cloud cover 

for partly cloudy pixels have been developed and are undergoing testing.  Figure 9 shows the 

steps in the retrieval process.  Figure 10 shows preliminary results for the partly cloudy retrievals.  

Future work includes a thorough analysis of the differences in retrieved cloud products for the 

current retrieval scheme and the CERES operational scheme, the implementation of the retrieval 

scheme for partly cloudy pixels, the extension of these retrieval schemes to continental regions, 

and the treatment of multiple cloud layers. 

 

3. Aerosol Radiative Forcing 

 

INDOEX sought to determine the aerosol radiative forcing for the Indian Ocean during the 

January March winter monsoon season.  In order to estimate this forcing, a scheme for retrieving 

aerosol properties using the 0.63- m and 0.85- m reflectances obtained with the AVHRR was 

developed.  Lookup tables for the reflectances were constructed using the average continental and 

tropical marine aerosol models described by Hess et al. (1998).  The mixture of the average 

continental and marine aerosols and the optical depth for the mixture at a reference wavelength 
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were sought that matched the observed and calculated radiances.  Optical depths retrieved using 

this scheme compare well at both visible and near infrared wavelengths with those obtained from 

the NASA Aeronet instrument at the Kaashidhoo Climate Observatory.  The aerosol size index, as 

indicated by the ratio of the visible to near infrared optical depths, was found to be in better 

agreement with the ratios obtained from the Aeronet instrument than those that could be obtained 

with a single-channel retrieval scheme.   

 

Optical depths and aerosol model mixing ratios have been retrieved for January March, 

1996 2000.  These optical depths and mixing ratios are used in a broadband radiative transfer 

calculation to estimate the aerosol radiative forcing at the top of the atmosphere.  The average 

radiative forcing is obtained by weighing the resulting forcing by the fraction of clear area, as 

deduced from the numbers of cloud-free and partly cloudy pixels.  The fractional cloud cover 

assumed for the partly cloudy pixels is 0.3.  The aerosol direct radiative forcing is taken to be zero 

for the overcast portions of the fields of view.  

 

In order to determine the reliability of the broadband radiative transfer calculations, CERES 

SSF observations for 100% clear fields of view were analyzed for aerosol optical depths and 

broadband radiances.  Only six hours of SSF data were available for the INDOEX region for 

February 1998.  CERES SSF optical depths were analyzed for 1   1  latitude  longitude 

regions for which observations from the NOAA-14 AVHRR were within 15 minutes.  Optical 

depths derived from both the VIRS radiances in the SSF data and the nearly simultaneous 

AVHRR observations revealed considerable cloud contamination in the CERES 100% clear 

FOVs.  
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Within the CERES 100% clear FOVs, only a small fraction of the imager fields of view are 

deemed suitable for aerosol retrievals.  Consequently, the aerosol optical depths reported on the 

SSF cannot be used to determine the aerosol direct radiative forcing without first identifying the 

fields of view for which cloud contamination is reasonably small.  A suitable measure of cloud 

contamination is the fraction of aerosol coverage within the CERES FOV.  

 

 Comparison of CERES derived optical depths and the optical depths derived using the 

VIRS radiances reported for the CERES 100% clear fields of view revealed that an aerosol 

coverage > 30% avoided most effects due to cloud contamination.  Less than 0.3% of the CERES 

FOVs met this criterion.   

 

SW radiances derived using VIRS radiances for the CERES 100% clear FOVs with greater 

than 30% aerosol coverage were compared with the observed SW radiances.  The observed and 

derived SW radiances were close even though the CERES and VIRS viewing geometries were 

different.  The agreement suggests that the calculated SW radiances exhibit the correct 

anisotropy.  In addition to the 2-channel, 2-aerosol model retrievals, single channel, single-model 

retrievals were also performed using the average continental and the tropical marine aerosol 

models separately.  While the two-channel algorithm achieved the best agreement, the predicted 

and observed SW radiances were also well-correlated for the single-channel retrievals.  This lack 

of sensitivity to aerosol model results from the narrow to broadband conversion factors being 

within 10% of each other for the two aerosol models, irrespective of viewing geometry.  The 



6 

result suggests that despite the differences in the models, either model could be used to provide a 

reasonably accurate estimate of the top of the atmosphere aerosol direct radiative forcing.  
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Figure 6. Retrievals of particle radius and optical depth are compared with CERES
results for a Pacific Ocean scene on July 5, 1998. The largest differences are in
particle radius, with CERES results 1 - 8 m larger.



Figure 7. Retrievals of cloud height and temperature are compared with CERES
results for a Pacific Ocean scene on July 5, 1998. Small differences are evident.



Figure 8. Differences between the cloud properties comparisons are shown for the
July 5, 1998 case. Effective radius differences are 1 - 8 m, optical depth differences
are generally less than 2, cloud height differences are less than 0.2 km, and cloud
temperature differences range up to several degrees.
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